Sugar-mediated transcriptional regulation of the Gap gene system and concerted photosystem II functional modulation in the microalga Scenedesmus vacuolatus.
Partial cDNAs corresponding to the GapA, GapC and GapN genes that encode the three different glyceraldehyde-3-phosphate dehydrogenases (GAPDHs) of the green microalga Scenedesmus vacuolatus SAG 211-8b have been cloned and characterized. Northern blot experiments, as well as immunoblots and activity measurements, demonstrate a differential regulation by sugars of the components of the algal Gap gene system. Addition of glucose or other metabolizable sugars to photoautotrophic cultures promoted a drastic repression of the GapA gene and depletion to negligible levels of the corresponding GAPDHA, a chloroplastic protein involved in photosynthetic CO2 assimilation. By contrast, expression of the GapC and GapN genes encoding their cytosolic counterparts involved in glycolysis was enhanced. However, no down-regulation of the GapA gene by glucose took place in the dark, indicating that the observed effect is associated with sugar assimilation in the light. Likewise, glucose promoted in illuminated algal cultures a severe decrease of photosystem II functionality, estimated by O2 evolution activity, thermoluminescence emission and D1 protein level, while again, no effect was observed in the dark. On the basis of the correlation found between photosystem II performance and sugar transcriptional regulation of the GapA gene, a scenario of sugar-mediated regulation of photosynthetic metabolism in microalgae is proposed that will help to explain the so-called glucose bleaching effect in photosynthetic eukaryotes.